This paper proposes an estimation method for solar radiation intensity, using pictures taken by a web camera.
Introduction
In recent years, resource depletion and global warming have been recognized as serious issues. Public and technical attention is increasingly focused on the use of photovoltaic (PV) generation to address these issues.
However, the output power of PV systems fluctuates strongly with changes in temperature and solar radiation intensity, due to weather and geographic conditions. PV systems may therefore have detrimental impacts on power grids when a large number of PV systems are installed 1) . Therefore, it is essential to reduce the output power fluctuations associated with PV systems. The most important information for realizing this objective is solar radiation intensity.
Observation sites that measure solar radiation intensity are limited in number, and there are 4 8 meteorological observatories that have been established by Japan Meteorological Agency (JMA). It is infeasible to install pyranometers at all PV sites, therefore, various methods for estimating solar radiation intensity over a wide area have been proposed. A simple estimation method for solar radiation intensity using ground pictures taken by a camera was previously reported by Takigawa   2) . However, this method does not sufficiently explain the relationship between solar radiation intensity and the color properties of pictures that are dependent on weather conditions. This paper proposes a simple estimation method for solar radiation intensity using a web camera, and utilizing a clear day model and a cloudy day model. First, the relationship between the observed solar radiation intensity and the color properties of pictures taken by the web camera is investigated. Next, approximate expressions are modeled, using a regression analysis based on the observed solar radiation intensity and color properties. A clear day model and a cloudy day model are then developed for fundamental estimation models. Furthermore, a hybrid model is switched to either the clear day model or the cloudy day model, according to the time zone and weather conditions. Finally, the solar radiation intensity is estimated by the proposed estimation method using the web camera pictures. The validity of the estimation method is then evaluated using the mean absolute error (MAE).
Experimental Conditions

Study location
The web camera is installed on the (Oct. 18, 2013) difference is caused by light reflected from the surrounding buildings, and atmospheric conditions.
Weather information and target period
The weather types are defined by JMA based on the definition as shown in Table 1 3)
. Weather types, with the exception of rain, are expressed using the cloud cover. This properties. The approximate expression is given by:
where E is the solar radiation intensity, ai and bi (i=1, 2, 3, 4) are coefficients, and ε is an error term. V and S are the brightness value and the saturation, respectively. These coefficients are determined by the least-squares method.
The following five expressions are introduced and examined:
App.Exp. O:
App.Exp. I:
App.Exp. II:
App.Exp. III:
App.Exp. IV:
App.Exp. O is expressed by terms up to the fourth-order of V. App.Exp. I is expressed by terms of the first-order of V and S. App.Exp. II and III are expressed by terms up to the second-order and the third-order of V and S, respectively.
App.Exp. IV is equal to Eq (1). App.Exp. O is a reference equation that only uses the brightness value, because the brightness value has the strongest correlation with solar radiation intensity, with regard to color properties.
Evaluation method
An evaluation of the approximate expressions and the estimation models is executed by the MAE, which is defined as follows:
(2) and n is the number of data points. The accuracy of the estimation model is high when the MAE is small.
Verification
The approximate expressions shown in Eqs.
(1-O)
to (1-IV) are derived using data collected on Nov. 1, 2013, which was a typical clear day. The coefficients for these approximate expressions are shown in Table 2 Fig. 3(a) and data collected on Oct. 18, 2013, are shown in Fig. 3(b) . These data sets are used to represent a typical clear day and a typical cloudy day, respectively, for model development.
The coefficients of these fundamental estimation models are shown in Table 3 . The clear day and cloudy day models modify the utilized model during the morning and afternoon. Thus, the MAE for the clear day model during the estimation period is 0.0554 kW/m 2 . 
Hybrid model
The hybrid model is proposed to switch to either the clear day model or the cloudy day model, according to the weather type presented by JMA Okayama Local There is a possibility that estimation accuracy improves if the weather type is announced more frequently. 
